Abstract
Introduction
Although building industry is a vital component of any economy, it has significant impact on the entire environment by the way we design, construct and use of our buildings. At global level, buildings are responsible for 40% of all energy consumption, 45% of the raw materials flow in global economy every year (UNEP 2007) and 40% of solid waste generation in the cities (Yilmaz and Bakiş 2015) . While the impacts of this trend are not always immediately apparent, their cumulative effect on resource depletion and biological diversity loss is undeniable. Particularly, residential buildings represent a large share of the built-environment (Umar et al. 2012) , so unmaintainable resource use in their construction has detrimental effects on the general sustainability.
In response to these effects, naturally-ordered utilization can make significant contribution to ensure sustainable construction. Ecological sustainability needs consideration of the environmental values of natural resources in utilizing and managing them (Pearce and Vanegas 2002) since the time required for resource renewal hinges on available reserve and on yearly consumption (Miglietta and Pastore 2010) . Under existing scenario of increased resource consumption and waste assimilation, understanding the level of resource utilization is important to ensure sustainable development.
Several measures [such as Life Cycle Assessment (LCA), ecological footprint (EF) etc.] have been developed to evaluate the sustainability of resource consumption. The ecological footprint (EF) approach has appeared as one of the effective indicators of human demand on nature (Husain and Prakash 2018) . The concept was first developed in 1996 by Mathis Wackernagel and William Rees (Wilson 2005) . The EF approach allows to convert most energy and material flows into bioproductive land and sea area. Consequently, it enables to jointly measure the resource flows and available biocapacity (BC) required to maintain them (Wiedmann and Barrett 2010; Borucke et al. 2013; Lin et al. 2016) . Both are measured in a standardized unit known as a global hectare (gha), and one global hectare is equivalent to one hectare of bioproductive land with world average productivity. Since its formulation, the concept of EF has been widely used in evaluation of several measures such as supply of the world's natural resources, the practicability of resource utilization, waste assimilation and general sustainability of a system (Husain and Prakash 2018) .
In building sector, EF indicator has been used in sustainable decision-making. Airaksinen and Matilainen (2011) optimized energy consumption in design alternatives of new office building in Finland. Simion et al. (2013) also used the EF method to identify the most appropriate scenario of construction and demolition waste integrated management system in two European cities. Assessment of environmental impact is also another application area of EF. Lim et al. (2017) analyzed the carbon footprint of industrialized building system in Malaysia while Teng and Wu (2014) analyzed sustainability of exhibition hall in Hubei province, China.
In particular, some researchers have used EF approach to analyze sustainability of residential building construction. Bastianoni et al. (2006) compared the level of resource use in construction of two-story detached residential and multi-story condominium Italian buildings. Consequently, the resource use is found to be sustainable when compared with the available global and local BC whereas construction of detached residential building consumed relatively larger EF. On the other hand, Larralde et al. (2014) argued that lesser EF per square meter is required to construct the Spanish residences than the Mexican dwellings, whose household size is smaller. Evaluating dwelling construction projects in Spain, González-Vallejo et al. (2015) reported that the EF value per unit square meter of detached houses is significantly larger than that of four-floor multi-family buildings while it is constant for taller buildings. Moreover, Liu et al. (2018) evaluated sustainability EF of different typical rural residential houses in China and documented in their conference paper.
The above acknowledged studies have provided a good insight about the building dependence of resources. However, the studies are relied on statistical data and measurements from design that appears to be the cases of areas where data is well documented, so the potential of the EF in data-scarce environments is not well investigated. In addition, majority of the studies conducted on residential buildings are deliberated on comparative analysis between different buildings. As a result, there is only little information about the sustainability of the resource consumption with respect to local available ecological supply. Moreover, these studies have explained the level of resource consumption in residential building construction with respect to various variables such as type of buildings (detached or multi-family), number of floors (single or multi-story), geographical location, and household size. However, how the combined set of variables explains the EF has not been well understood.
Ethiopia is among the countries under rapid urbanization, but evaluating sustainability of resource utilization in construction is uncommon. Particularly, in Adama City, the extent of environmental pressure associated to resource consumption in construction of residences remains unknown. With respect to growing concern of sustainable urban growth, understanding whether the available natural capital of the country can support existing consumption pattern can provide a basis for setting goals and identifying options for action.
The central aim of this study is to analyze the sustainability of resource consumption in construction of detached residential buildings in Adama City using the EF approach. More specifically, the study is conducted (i) to compute EF of residential buildings; (ii) to evaluate the level of natural resource consumption against available local biocapacity and (iii) to explore the relationship between EF and the combination of family size, floor area, and plot area.
Materials and methods

The study area
Adama City is one of the fast-growing cities in Ethiopia. It stretches between 8°26′15″N to 8°37′00″N latitude and 39°12′15″E to 39°19′45″E longitude. Using the data from statistical sources (ASTU 2016; Bulti and Sori 2017) , the computed population growth rate of the City from 2004 to 2016 was nearly 9%. The City has various advantages that make it an appropriate selection for this study. Among these, the study can provide important information for the ongoing revision project of the development plan of the City. In addition, it is located at easy to find data and verify and interpret the findings. Particularly, the selected neighborhood is located at northern part of the City (Fig. 1 ) and covers about 58 hectare of land.
The site encompasses discrete buildings which are ease to identify and take measurement. Moreover, the composition of the buildings represents major features of residential buildings being constructed in the City since 2010.
Selection of sample residences
The selected neighborhood comprises of 967 detached residential buildings with different variables including building type (forms), plot area and floor number (Appendix). The residences were grouped and number of appropriate groups was determined using cluster analysis in NCSS 12.0.6 statistical software. Nominal values (Appendix) were assigned for all variables in order to facilitate the computation of dissimilarity (distance) between objects in each cluster.
The dissimilarity was minimized using Medoid algorithm. Using silhouette values, the number of clusters was determined and the strength of clusters was assessed. The silhouette value indicates how well an object has been classified by comparing its dissimilarity within its cluster with that of in the other clusters; it ranges from − 1 to 1. The value close to 1 shows strong similarity of an object with objects within its cluster whereas − 1 shows dissimilarity of an object with the objects of its cluster is higher than objects in the other clusters. In this regard, an appropriate number of clusters is the one that maximizes an average silhouette value. The strength of the structure in each cluster was determined using the maximum average silhouette value (SC) and the cut-off values proposed by Kaufman and Rousseeuw (1990) . Finally, one plot was selected randomly from each of the resulted 11 clusters, and the descriptions of the sampled residences are shown in Table 1 .
Data and data acquisition
Data used in this study were collected from different sources. Data of sampled residences including family size, types and sources of construction materials and actual measurements of building details were collected through field survey. As-built drawings of the buildings were prepared using actual measurements from which the quantities of construction materials were computed. In addition, sources of materials and transportation routes were identified on the map and travel distances were measured in GIS environment. The amount of consumed fuel was computed from travel distances and average fuel consumption of the trucks. The number of labors for the construction and proportion of waste were adopted from the literatures. 
Methods
Computation of EF
The EF quantifies the required resources for construction of the buildings and the related activities occur in the biosphere in a specified year through consideration of technologies and resource management in the same year. The impacts of buildings are generated over building's lifecycle such as construction, maintenance and demolition phases (Yilmaz and Bakiş 2015) . In this study, EF of the buildings was calculated for the construction and demolition phases. The former corresponds to the time until the building becomes ready for use whereas the latter represents the end of its life. Moreover, EF was computed for construction materials, fuel for transportation of materials, construction and demolition waste, CO 2 emission, the actual occupied land and labors' food consumption. However, it should be noted here that electrical and sanitary works are not included.
The total EF was computed from two partial prints: energy land and cropland. The energy land EF measures bioproductive land required for maintenance of natural capital to replace the consumed energy by supplying a biomass substitute and additional capacity of the biosphere needed to uptake the CO 2 emission. On the other hand, cropland EF measures the capacity required to substitute the actual occupied land and labors' food consumption. In this case, similar to (Monfreda et al. 2004) , it is assumed that the human settlement, most often, occupies agricultural regions.
Biomass substitution (EF bm ) calculates the area needed to replace fossil fuel with energy equivalent to fuelwood. Fuelwood is chosen as the default replacement since it is historically dominant fuel for most societies, and it is a primary fuel that the biosphere supplies without human modification (Wackernagel et al. 2005) . In this regard, all construction materials, fuel for transportation and construction and demolition waste were converted to a common fossil fuel energy equivalent using the embodied energy of respective materials (Appendix). The sum of all energies (E) was used in the computation of EF of biomass substitution was computed using Eq. (1). E: total energy consumed (GJ), FY: forest yield (GJ/ha), EF: forest expansion factor, e f : equivalence factor (gha/ ha).
Emission uptake EF CO 2 embodied carbon of the construction materials was converted to equivalent CO 2 using factor (f = 0.27) adopted from Lin et al. (2016) . Similar to Bastianoni et al. (2006) , a factor of 0.020 kg of CO 2 for each MJ of average fossil fuel was assumed. Moreover, energy expenses due to the use of natural products such as timber are assumed to be compensated by the absorption of CO 2 through trees during their growth; hence, a hypothesis of a zero-emission factor has been considered for wood. Then, the biologically productive area needed to sequester CO 2 through afforestation was computed using Eq. (2) adopted from Borucke et al. (2013) . P c : annual anthropogenic emissions carbon dioxide (ton), S ocean : ocean uptake fraction, Y c : sequestration rate of world average forest land (ton/ha), e f : equivalence factor (gha/ha).
Cropland EF was computed for the plot area and labors' food consumption. EF of plot area was computed equal to that of cropland adjusted for its productivity using the yield factor (Eq. 3).
(1) A: plot area consumed (ha/year), e f equivalence factor of built land (gha/ha), Y w : world cropland yield (ton/ha), Y N : computed national cropland yield (ton/ha) (Appendix).
In addition, a footprint of labors' food consumption was determined from total hours spent in the construction of the buildings. It was computed using Eq. (4) adopted from González-Vallejo et al. (2015) .
EF m : ecological footprint (gha/year/meal), N w : number of workers on the construction site, N wd : number of working days, h m : working hours per meal, h w : working hours per day.
Finally, the total EF of each sample is obtained from the sum of biomass substitution, emission uptake and cropland. Moreover, per capita, per floor area, and per plot area proportion were computed using the ratio of EF of each sample to respective variables. However, overall per capita consumption of EF was computed using the ratio of the sum of all EF of sampled plots to the sum of the family sizes of all residences.
Computation of local biocapacity
Biocapacity is the amount of biologically productive land and sea available to provide ecosystem services or regenerative capacity of nature (Borucke et al. 2013) . In this study, biocapacity of the country was computed from the sum of available woody land and total crop productive land in the country as of 2014 using Eq. (5). The per capita available BC was computed by dividing the total biocapacity to the total population of the country as of the same year.
A i : available bioproductive land (ha), Y i : national to world yield factor, e i : equivalence factor (gha/ha).
Computation of Ecological sustainability of resource consumption
Ecological sustainability analysis was conducted to determine whether the local natural capital is sufficient to support the resource consumption pattern. The balanced demand (EF) and supply capacity (BC) explains that the consumption is associated with the natural capacity of the country to recover after the stress generated by human activities (Simion et al. 2013) . The disparity between the amount of resource consumed and the available supply capacity indicates the level of ecological sustainability . In this study, it was (4)
computed using the per capita proportion of demand and supply capacity (Eq. 6).
If, e < 0, ecological deficit; e > 0, ecological reserve.
Statistical modelling
Statistical modelling in this study refers to a statistical approximation intended to reflect the underlying structure of a data generating process. It is carried out to determine how well the computed EF can be explained by the linear combination of floor area of the buildings, family size and plot area. In this context, regressionbased technique was used to explore the linear relationship of response and the three explanatory variables. It is the commonly used method to investigate the relationship between a quantitative outcome and quantitative explanatory variables (Seltman 2018) .
The data set of computed EF and independent variables of the sampled plots was used in the multiple regression analysis which is carried out using SPSS statistical software. Regression parameters were estimated using the method of least squares. This method fits the model to the observed data by minimizing the sum of the squares of the deviations of the theoretical data points from the observations.
The goodness-of-fit of the model was assessed through investigation of the agreement between observed values and predicted values of EF. This approach provides important information on the quality of the fit of the linear model to the observed data in both simple and multiple regression (Rawlings et al. 1998; Chattefuee and Hadi 2006) . With a good fit, the two sets of data close to each other. In this study, the goodness-of-fit was evaluated using the values of correlation coefficient and coefficient of determination.
The validity of the model assumptions was determined by examining the structure of the residuals and the data pattern through graphs. Examination of residual plots is a simple and effective method for validation of standard assumptions in regression analysis (Chattefuee and Hadi 2006) . In this context, the normality assumption was validated using normal probability plot of standardized residuals which is a plot of the ordered standardized residuals against the normal scores. Under normality assumptions, this plot should resemble a (nearly) straight line with an intercept of zero and a slope of one, and they are equal to mean and standard deviation of the standardized residuals, respectively. In addition, scatter plots of the standardized residual against each of the predictor variables and fitted values were used to validate the linearity assumption. Under the standard assumptions, the (6) level of ecological sustainablity(e) = (BC/capita) − (EF /capita) standardized residuals are uncorrelated with each of the predictor variables and with fitted values. The random scatter of points of these plots explains the validity of linearity assumption.
The strength of the linear relationship between response and a set of predictor variables was determined from the value of the multiple correlation coefficient (R). The non-zero value was described using the guide that Evans (1996) suggests for absolute value of correlation coefficient: very weak (|R| < 0.19), weak (|R| < 0.39), moderate (|R| < 0.59), strong (|R| < 0.79), very strong (|R| < 1). Moreover, statistical significance test was conducted to offer an objective measure in the decision about the validity of the generalization, and it was determined using p-value statistics. In theory, the p-value is a continuous measure of evidence (Gelman 2012), yet in this study, the term "significant" refers to the 95% confidence level (p < 0.05); it is standard in statistical practice in most of the Engineering researches.
Sensitivity analysis was conducted to identify the model variable whose variability strongly influences model's response. Standardized coefficient of a linear regression model is useful measure of sensitivity analysis (Saltelli et al. 1993; Hamby 1994) ; especially, when the independent variables are measured in different units (Nieminen et al. 2013) . In this regard, the model is more sensitive to the parameter that has larger magnitude of standardized regression coefficient (Saltelli et al. 2000) , and it was employed in this study to determine the relative importance of explanatory variables.
In general, the overall procedures used in this study is depicted in Fig. 2 .
Results
EF of the buildings
The computed values of EF using Eqs. 1 to 4 "Methods" are summarized in Fig. 2 General workflow of the study actual occupation as well as labor food consumption. The graph depicted in Fig. 3 also demonstrates the relative variation in resource consumption for construction of sampled residences. Overall, the EF values across the samples ranges from 4.366 to 57.024 gha. In addition, the averages of resource consumption computed by the ratio of the total EF (206.6 ha) to the total number of residents, total floor area and plot area are 2.952 gha/capita, 0.13 gha/m 2 and 0.085 gha/m 2 , respectively. In terms of partial prints, about 50% of the total EF is related to construction materials followed by construction and demolition waste. This due to consideration of all stock material as demolition waste except that of wood since there is no recycling practice in existing waste management trend of the City. On the other hand, the actual occupation of the plot of land is associated with least partial print. Surprisingly, more than half of the total EF is due to buildings on a couple of plots (C11 and C9) with multi-story buildings of 2 and 3 floors.
Further, the findings demonstrate the significant EF differences between per capita resource consumption ranging from 1.084 gha/capita to 8.146 gha/capita, and they are related to plots C5 and C11, respectively. These plots are holding the first and the last positions in terms of total EF per plot shows at least the family size did not influence the result of EF in the case of the two ends. On the other hand, the minimum proportion per unit floor area is related to C7, and in terms of the per unit plot area, the least value is associated with C3 and C10.
Sustainability analysis
The calculated available woody land as of 2014 is 34.136 million hectares and that of cropland computed as the Fig. 4 demonstrates the significant variation in the level of sustainability in resource consumption ranges from 0.58 to − 6.485 gha/capita. An ecological reserve (positive ecological difference) is obtained for buildings on three plots out of eleven (about 27% of the sample) while in the case of the rest eight sampled plots ecological deficit (negative ecological difference) is obtained. The minimum and maximum deficit are associated with plots C7 and C11, respectively. Moreover, the deficit related to buildings on plot C9 and C11 is significantly greater than that of the others indicates the multi-story buildings might have a large share in contributing to the overall ecological deficit.
Regression analysis
The regression analysis conducted in this study aims at describing the relationship between response variable (EF) and the linear combination of explanatory variables: floor area, family size and plot area. The data used in the model fitting consists of eleven observations of sampled plots: response variable from Table 2 and explanatory  variables from Table 1 In fitting the model, regression parameters are estimated using method of least squares that minimizes the sum of the squared deviations between the theoretical data points and the observations. Table 3 Standard deviation = 16.762). Figure 5 , the plot of predicted EF versus the observed EF and overlaid with the best-fit regression line, provides a visual check on the agreement of the two sets of values. In addition, the closeness of points to the regression line and the result of correlation coefficient, r = 0.971, p < 0.001, demonstrates the significant correlation between the sets. The strong linear relationship between observed and predicted values of response variable in multiple linear regression analysis confirms the quality of the model to fit the data set of response and explanatory variables (Chattefuee and Hadi 2006) . Likewise, the full regression model fitted in this study agrees with the actual data set. The residual analysis was carried out to validate the model assumption. In this regard, the values of the mean and the standard deviation of standardized residuals are found to be 0.0 and 0.84, respectively, indicate the normal distribution of residuals. In addition, the plots of standardized residual against the fitted values and independent variables depicted in Fig. 6 . The random scattered points in the plots demonstrate that the standardized residuals are uncorrelated with any of predictor variables as well as fitted values of response variable. Thus, the results of residual analysis validate the linearity and normality assumptions in the model.
Further analysis of significance test in terms of individual regression coefficients, the result in Table 3 shows that only the regression coefficient of floor area is significantly different from zero, and the other variables have insignificant t-tests. However, when the independent variables taken collectively, the result of significance test (R 2 = 0.942, F (3, 7) = 38.2, p < 0.001) reveals that the observed linear relationship between response and a set of explanatory variables is statistically significant. Accordingly, 94.2% of the total variability in EF can be associated with the set of combined variation in floor area, family size, and plot area. Hence, the results confirm that the ecological footprint of detached residential building construction in the study area significantly related with linear combination of floor area of the buildings, family size, and plot area. Moreover, estimated regression equation of the full model (Eq. 7) adequately describes the linear relationship between EF and the composite explanatory variables.
Sensitivity analysis
Sensitivity analysis is conducted to identify the model variable whose uncertainty and variability strongly influence the model response. In this regard, a sensitive variable is investigated using simple and multiple linear regression. The result of multiple regression analysis (Table 3 ) in this study shows that the standardized coefficients of floor area, family size, and plot area are 1.1, − 0.260, and − 0.016, respectively. According to the proposal of Saltelli et al. (2000) , the values suggest that the full fitted model is most sensitive to uncertainty and variability of floor area of the buildings whereas plot area is identified to be least sensitive variable. Further, the result indicates that the unit change in standard deviation of floor area changes the standard deviation of EF by the 1.1. In addition, the value is significantly different from zero indicates there is association between the floor area and EF, and the positive value of the lower limit of confidence interval indicates that the association is statistically significant. In addition, the result of simple regression analysis is shown in the scatter plots of EF versus each of independent variables depicted in Fig. 7 and statistical results are summarized in Table 4 . The value of Pearson correlation coefficient indicates a very strong significant correlation between EF and floor area, r = 0.946, p < 0.001. The value of r 2 = 0.8944 suggests nearly 90% of the total variability in the EF is accounted for by the floor area keeping other variables constant. In the contrary, the relationship is found to be not significant in the case with family size (r = 0.38, p = n.s) and plot area (r = − 0.13, p = n.s).
From these pieces of evidence, it can be concluded that the fitted regression model explaining the linear relationship of EF with the three predictor variables is more sensitive to the uncertainty and variability of the floor area of the buildings.
Discussion
From the objective aspect, this study is aimed at analyzing the sustainability of resource consumption in construction of detached residential buildings in Adama City using the EF approach. The bottom-up approach was used to determine the EF of selected residential neighborhood. The sampled residences were grouped using cluster analysis technique; actual measurements of buildings were taken; ecological footprint of residences are computed in terms of per capita efficiency and space efficiency. Available ecological supply capacity of the country was computed for the same year, and it was compared with EF to determine sustainability of resource use. Moreover, the relation EF with combined set of family size, plot area, and floor area was explored using linear regression analysis.
The result of EF computation demonstrates that every resident of the selected neighborhood has constructed his/her shelter at the cost of 2.429 hectare of global average bioproductive land. The result is significantly less than the value reported by González-Vallejo et al. (2015) for construction of dwellings in Spain, but it is slightly greater than that of Bastianoni et al. (2006) pertaining to two-story detached Italian residential buildings (0.122 gha/capita). In terms of space efficiency, the value of EF is found to be 0.130 gha/m 2 , and it is moderately larger than that of two-story detached residential building in Italy found by Bastianoni et al. (2006) . However, it is moderately less than that of the residential buildings in Spain (González-Vallejo et al. 2015) and in Mexico (Larralde et al. 2014) .
The relative smaller EF value obtained in the present study may be attributed to its scope. The value will possibly increase with additional scope through consideration of maintenance phase and electrical and sanitary works. In addition, it is regarded that the trend of resource consumption in construction of buildings can be influenced by local situation such as social, environmental, cultural, and economic characteristics of the area (UNEP 2007) . The result of this study is pertaining to the average of analyzed sampled residences, and it is applicable to analyze the EF of residential building construction in Adama City.
The bottom-up approach used in this study has enabled to determine the EF of the residences and indicates the possible application of EF method in data-scarce environments. It has been noted that unavailability of data at local level is one of the most contributing factors to limited applications of the ecological footprint (Miglietta and Pastore 2010) . Moreover, the result of EF can be an important information for planners and decision-makers of the City to recognize where there is over-utilization of resources and plan a new heading before negative outcomes become irreversible.
The level of sustainability of resource use is another important finding of this study. The result indicates that the existing practice of detached residential building construction is not sustainable as compared to local ecological supply capacity. The deficit is found to be 1.277 gha/ capita. Unmaintainable pattern of resource use with local ecological supply explains that the City is importing biocapacity through trade or liquidating regional ecological assets, or emitting wastes into the atmosphere. The observed level could be due to the absence of appropriate guideline to support sustainable resource use. In Adama City, the standards set in urban plan are deliberated on ensuring minimum criteria such as building area ratio and height regulation whereas the criteria to guide the resource consumption is lacking. Consequently, the developers are free to adopt any design as far as it meets minimum standard. In this case, the construction depends on the interest and economic potential of developers regardless of the type and the amount of resources to be used which can lead to over-utilization of natural capital. The result of sustainability obtained in this study is different from that of the study by Bastianoni et al. (2006) in which sustainable resource use was reported for construction of two-story detached residential and multistory condominium Italian buildings. The variation may be: on top of the above mentioned limitation, worldwide resource distribution is uneven, and an average bioproductivity of a particular land use varies between countries (Borucke et al. 2013) . The result of this study is referring to residential building construction in Adama City as compared to ecological supply capacity of Ethiopia as of 2014. The result could be used as spring board to enhance the construction and planning practice to ensure a balance between ecological supply and resource utilization. Moreover, the study indicates that analysis of sustainability of resource consumption with respect to the local available potential can provide a better understanding to formulate effective solution.
Modeling the relationship between EF and combination of the explanatory variables is another contribution of this study. The result confirms that the ecological footprint of detached residential building construction in the Adama City has significant relationship with linear combination of floor area, family size, and plot area. Moreover, the fitted regression model is found more sensitive to the uncertainty and variability of the floor area of the buildings. Despite it provides important information, the result can only be used as a baseline for further studies such as investigation of the cause and effect relationship with additional important variables.
Conclusions
In this study, the ecological footprint of detached residential building construction in Adama City as of 2014 is analyzed. The result reveals that a significant amount of resource has been consumed ranging from 1.084 to 8.146 gha/capita. In addition, overall EF of residential construction in the City is found to be 2.952 gha/ capita. Further, the overall resource consumption shows 1.277 gha/capita ecological deficit, indicating the existing practice is not sustainable. Moreover, EF of the residences have strong relation with the linear combination of floor area, family size, and plot area. Besides, it is sensitive to the variability of the floor area.
In line with the increasing concern of sustainable urban growth, the findings can help planners to recognize where there is over-utilization of resources and plan a new heading before negative outcomes become irreversible. Moreover, it can support formulation of effective development policies create a balance between ecological supply and resource consumption.
Despite it provide important information, this study should be considered only as an initial step towards understanding the links between resource consumption and residential building construction in Adama City. Future researches are needed with consideration of maintenance phase. In addition, investigation of cause and effect relationship between EF and the variables is also required. Moreover, studies in different urban centers of the country can increase understanding of resource consumption of the nation and support formulation of effective policies to the context.
See Tables 5, 6 , 7, 8. 
